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FORMING METHOD AND DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a high 
permittivity thin film which is uniform in compositional 
distribution in a thicknesswise direction, high in 
permittivity, and small in leakage current by a method 
wherein the relative ratio of a Ti material flow rate to 
the sum of a Ba material flow rate and an Sr material 
flow rate is increased in a process where the film is 
formed. 

SOLUTION: Dipivaloyl methane(DPM) compound of 
Ba, a DPM compound of Sr, and a DPM compound of 
Ti are dissolved into organic solvent as Ba material, Sr 
material, and Ti material respectively, and a barium, 
strontium titanate (Ba, Sr) Ti03 film (BST film) is 
formed through a CVD method by the use of a solution 
of the organic solvent and the above salute. In this 
case, the relative ratio of a Ti material flow rate to the 
sum of a Ba material flow rate and an Sr material flow 
rate is increased while the thin film is formed. For 
instance, a lower electrode is formed by sputtering Ru, 

and a first BST film is formed uniform in compositional distribution in a thicknesswise direction 
changing a material solution in flow rate as shown in a Figure. The first BST film is annealed in 
an atmosphere of nitrogen gas, and then a second BST film is formed thereon through a CVD 
method. 
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[«M*#©«SH3 

Clf^l] BaJiC*4, SrJSflk Ti^fcLTB 

DC^^^^'J^A^hoyf^A (Ba. S 
r) T i 03 mZM&TZTjfc^te^-Z^ 

[|f^2] f^lA^AXFDVf^ (B 
a, S r) T i 03 Jg|©^/£#, WMl^Ba 
JfC^M&cfctfS r|«iW5T i J^*«A©ie 

<kts&mmT*fttj:tonz> z t ^mt-r z>m ^ 1 
im^m 3 ] &&mcDmz r--^m^ho zt* 

[BW3S4 3 ^vS^'J^^hn^^ (B 
a. Sr) Ti 03 R©#J*ft2»»Cfrl\ 12^ 

T^j«tfcK%6 io-64 or-CT--^Aiffi"r*c: 

[If^5] Bal^*4, SrStt, Ti^UB 
aC^vfAD^M^DPMM, S rOV^D 
^M^yDPMjb^, Ti©^^n>fyM^>D 

yf)ASrTi03ltf^ >»^'J ^ABaT i O 
3 R©J«*2fcSCll9jM"c: fc*W«4:-rftWil** 

^;M^yDPM^, T i a>s>b?/*n-f ;M^vD 
PMfl^tffc^x h7t FD77>THFC^Lfc 

yi;\''J-)A^havf)A (Ba. S r) T i C3 $1 

□ 77>THF?:Mtti:BaIM, Sri^ 
ft, T i K»»*fclH*Tft«»*ttJllfc LT&f£-f 5 

[f&#JE7] 2««A±©*«£*Mk'M&fcIStt*: L 

r c v d c cfc o &mm<tfa<Dn6mw&nm*&fc±^i& 

1 «#■*©##£ cfc &&^^GD^;6 s &&tf>^®^ 
SCftfftitOtifeO, £Jttfkfc»R©*it+C* 
«3S®ffi£«r9S<kS it* Z tCJ: 0 JtSfSWw&JRTt;* 

8 1 ^\&&m<t&V!}tf b a © v tf n 4 )\,* 



*>DPMfk£-4&J, S r ©vtTAn^;i^* >DPMrt: 
^<fel, T i ©S*lfAa-f /U^*>DPM{b^-C&9, 
T i ©^tT^n>f ? vDPMfk£4fc©##Cci:*& 

cft^-r * © -efc * 
- -r s i c as*© 

CokOf^V^'J^AXhoyf 9A (Ba. Sr) 
Ti03 «Rt»*fft*ttt*oTJJlT« (1) ~ 
( 3 ) ©xf-y ^fc^trKSf «*M»0J£^8s. 

(1) Ba^Mf^ct^S rJpJN-SfEJI^-^liC^*. 

a zyomnnrnt nm^ 

b 8®&©/P£ 
C &R©J?S 

d MR & Jnft-r ©S«£iS£ 
e T i 15C*4i5M: 

(2) StBR©«R»dtK*Sc-'"^ -tSE (1) ©a~c 
©fIfc8J5£U d©fI£ife5£U &Jg7G^©&J&ifc©@ 

(3) £2©*?? -fv^ishtzT im^mmis^mi 

[If Ml 0] CVDi:ct0S^±i:»W ; tr 

^Lusfttt^nfc^tmtt©^^^, ^©^7^_t^cfci/ 

S±feJ:imiEJflW«WOW±C»J«SnfcWII* 

i 4 ] Tmm&mt* 1 o o n mw±m^ 

Jff«©lfll*¥fia<3 0nmtt±C»*«nT^*ll*fl 

1 1 \ztdM<z>&mn&f&f&titMo 

^©«0i&jWS#LT^*bS#®1 1 CBS*©MSM8f 
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[000 1] 

ffiit^ (CVD Chemical Vapor De 
position) teC*5»Si*K;*ife, J&JHIStg&tf 

[0 0 0 2] 

fb#»fiCiiA/ , C*J*5, Mtf^t? ^7>^A7 
^-bX^^'J- (DRAM) -ett, 3^HCtr* 
4tefci^&«fc'*--:x-Cfc*o cntt^A-f^cDSsife 
ifb, ffiiftjraflfb, Hb^agftcfctfrCifc 

&<0, ^tlZXm^ZtlX^tzS i C2 TMiSM&fbalE 

[0 0 0 3] Z(D£ote* J r^is9mttmz^2rLZ> 

±£^&M£@£C£: LTti. -ISWCS i C2 
^/PT*0. 6nmWTMl VWJnifc® »J 
£LT2* I 0-7A/cm2 WTtfSi: LV>i:$tlTV> 

&£©&*DRAM©**As/*Jfi«ffiJ:i:: 

> (dpm) fb^«)iiD»Ccti»^»tt*«ajaF"C3fev^ 

[0 0 0 4] r©A-5<fcttRTK:fet>T, 
m@M14?:THF (fh7th'D77> Tet 
rahydrofuran:C4H8 0) fcv>«5*«» 

mzmm Lxmmttz ztizj:-? t«ftttft«Httc 

^±$t/;CVD!^4^Lf: (W4-2897 
8 0t) . rc7)/g*4$:S i 02 Kf^Affi ft^flgX^ 6 



#Jl^fflCVD^a*JI3eLfc mW5-1 0086 
9^, ^W5-2383 1 5^) . T i JIC£f3: 

-tt»wJ:<figffl$nTV^TT I P CT i (O-i-P 
r)4]*»5Ba, S r SWfcHCD PM%<D*9 -fi> 
y^D^M^t-FTiO (DPM) 2 

-*C<fc9»HR«SIMbS*i:fc«, -H 
1-£fcV^2*x* ^IWJIIt: iklt^^S® 

Lfc (^f6-5 73 5 9f) o ZOmmiZfc 

VDfcfeK«fcS (Ba. Sr) T i 03 RCjg LfcTSB« 
Lfc («fffif6-32697 1t, fM 
f6-326972f) . 
[0 0 0 5] L^U £©»J£»bCVDge£^T 
ffm*IIR®M«: LXh&? Lh^mz a&ttRJt 

ofc„ i30^If5-2 3 83 1 5fC^$nf:^ 
«S»bCVDatgO«W&«:^-r«i^:B|-CfeS. HKUfc^ 
T, CVDCtO (Ba. Sr) T i C3 KtfJfBftSil 

m&8. 3 1 tt»b», 3 2 ttKJSS, 4 1 team** 
tf, 4 2tiMiJ'^li& 4 3«ttf, 4 4««i 
«jC*4^2§> 4 5tt«#B#MI«&», 4 6t«f, 4 
7fi»*Mbffl>'X/K 4 8ti^b*©JD^t:-^, 4 9 

ti^ub^, 5 0ttj®*4#*tfc*&?L 5 n*ffim f &o>mm 

fc-*, 5 2 ttSliCSfti«k«flt, 5 3(iifl?Mt- 

[0 0 0 6] 03OK^-f*»tfafbCVDgfi£*3^ 
"C, tf*R#*N2 ***©ffififc#tt#*ftW£»4 2C 

LTV>«*«-tCv*#JB»#»4 4rt®JSfcJgi*4jMinffi 

4 3 * e> flnffi s nttMmiU&« 4 5CJ;o«ja 

T»«[<bffl> r X;u4 7«:aiLTttl&Sn, »b^ft<7)^ 

fb^^nassn*. »b*rt-e«bsnfcj©#4*^ 

tt*C»/f^WI&?L5 0^e>Hrj3SW©AUfet-^ 5 1 CJ: 
0 3ta*!k4 nfc«C»/f ^ $H^1f 2 3 &j£ o TKBS^i: f& 
^n^, -t3-e»<b*Ji:SJCLTa«fflJn«kt-^5 
3C«fc01nJ»$n/tS«±C (Ba. Sr) T i C3 R 
fcftWrs. fc^:U HBR©SEiHC*3V^Tt±H3 0K:35% 
tMmy^rA43-45^Ba, S r. T i 

So RJfc£rttt02 £HSL E^l-10Torr, (£ 
& ft £ * \y *y V &&X& \£i&&}1&U<D t 

-^tt5£fla«4 oo-eo or -e, 

h o-;ut S 3 i: C <t 0^113 0 A/m i 
niST'II3 0 0A, (Ba. S r ) T i C3 jg|cD® 
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Ml (Ba + Sr)/Ti=l. Ofc^-CdMfcfrfc 
[0007] 

tottmrnrntmrn Littmsmtm^ti c v D feT- 
CBa. Sr) Ti OS R (WTBSTKfc*Srr*) 
&MLfc*^ Ba. Sr. TitilfnoBttWl 
3£t LTV^TtiW^lSl^flDBa. Sr&tfTi© 

A*j&*£i;, «M*tt©^3?5£„ Sim^©{£T, M-? 

[0008] Ba. Sr. T i ©^«-4i«5WiOra 
It:olNT^t^, 0 *»?S»tCVD«iBti, Ba, 
S r. T i S:^t-6 D PM^ftlif Jlf 

* -can^-r a 3 1 c «t o s r wt©i»*"c— 3E©awen 

eftfcftSJ^C&ot^S, Z©J«llSM*:fflV*T* £ 
SIBS4 2 0TCH LfcttATCB S T««MfcK©*IK*: 

^-ftWBfeftiXfe. 031, 3 2©*tttttlft&B!l 
DEt*fc«>©x/*** 'J y*WW, &8it±#7n3&©#£ 
tf-^fI©iS£T*£>5 0 03 lt±Ba. Sr. T 

i SttJiCttBa (DPM) 2 . S r (DPM) 2 . T i 
O (DPM) 2 fc-tn-en*»»#JTHF (rF7tF 
D77>Tetrahydrof uran : C4 H8 
O) C»*Lfc*i*©«Hfc*— 36CLTfll*.tfRu*« 
1C2»MCVD (Chemical Vapor D 
e p o s i t i o n) CJ; *)i$MLti*9 >Wt^ 1 ) 
XFoyf^ (Ba, Sr) TiC3l (WTCVD 
-BSTIiii&t) ©Ba. Sr. E.l/Ti©AES 

(AugerEl ect ron Spectrosco 
py) 3j— *^x«^#fCJ:»)*fefciiJ?^|fil©ifiJ«» 
^SIT'fe^o «g^3 0A/mi nT'feO, ^© 
KJ?»±*«76 0A"C*>4, HT'liRumi:^<co 
ntR+OT i ttifflD, Ba. S r \m'P? Zfcfa*^ 
LtV^, Z0)T%mZ. Ba. Sr. TiWH^i 

t *«±CH-*fr-CM*j* LfcCVD-BS TK©KJ9 

[0 0 0 9] 1im©J:Sfctt*©CVD-BSTJ5lWy 

«t^CVD-BSTi«iW<c0, 

~->^$nfc^®^issc©tt*4-cfiifi)c$nTv^^ 
± \z *3 V ^ T 0 J5RKfl[*«— «©3H-»-e«j« £ nt V > 

5 3*»S1E2 1 %«^-rs^-b^^{b-r*#cj:o 
s«2 i©«®fflfi*«a<kL, ftasrascjecriw-ctrfc 



[ooio] sfc, '&*<Dmmw t mmm£*ti*mwfr 

■5PWfeofc, 03 3liPierre C. Faza 
n: Integrated Ferroelectri 
cs. 1 994. Vol. 4. pp. 247-256. 
"Trends in the developmen 
t of ULSI DRAMcapac i tors" 

AMi^^'vn+tA'i/^^Ilt^S, Hi: 

*5^T. Iliy'j3>l^ 3 3 

ti^U-K 3 4(iiliim 3 5tt0JAtfG&-e 

TSfcff MifeMt, 3 8 ttfcfc 'J v 'J ^ >T"C# 

i/T'fe^o 03 3C^tH^DRAM©^ + A 4 y^© 
^^iiMCVD^t^i^ VMI61W3 
7C U V^77-f -hx^>/T«U:?Lt:CVD 

Wl§*fe (CMP&) ^1X^^7-7^3 801 

f>^T'JnILTMLfcil$2 0 0nm^ h 

- K3 5©iffi^MCVDfeCJ:OJ|$3Onm0B 
STI34-Cll\ £613, *^y*fc-efi&*J£j»L 

nfc^-^^v^twfcV^T, h 33£* h u- 

i?/-K3 5 ©ra»r«BE% WAl-r * tBSTl34^ 

2 0 0fciS5V^Sim^C«tO^*©m^*^ h U-vV 

- K 3 5 o>±mtsi ZiHzWMizWmz tt£ :ti:45 e 

R*:»8Lfc»£\ ■b^7*u-h33i:7;H/-^/- 
K3 5©HK:mJE*:Wfl[rf**:* BSTK34©J?$tf 

3 0nmi:M5nmlllt*5^ h U-SJy- K3 5 
©M&3 6©ffi«MSCtfc'<Tff^fctf>, m#&+©fc 

b U-^y- Kjfift©BSTR3 4 4»KH&©SM*C 

U-v/- KK^-f % Bitot * b u- 

y/-K3 5)&^©y3-> h 4f-Sfcffi«»;:«fc* 
««Ett*Bfc:Ji*LTt*i\ *ffl©*!WCSfr^. 
^©m^jfe+tt-fe^^U- b©TSS3 9C*,at>il, 
•b^l/- b 3 4 +W&l£*$imLtzm& l bffl 

itt^u- h^e>©^>3 * h*- »fflS«Ec«k*u 

[00 11] BSTi34©f^^30nmi:^ 
M/-y/ - K3 5©il5£ 2 0 0 nm£ < 6-<T^T' 
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;-h'3 5<Dwm&&*m j 5zt&vz-r. zvtz&b. 

& £ L 6 £ V * -5 *j !BI& $ ft 3 o 
COO 1 2] Z<D§£Wl* s mmjjfaizBa, Sr*5J:tf 

srssik-r £;:*:£@fft£ LTi>£ 0 

Ej&<»b lt i>&m\zmm'%mmm*M&'t z z 

[0 0 13] 

WmvM&ttmt* BaJlli S r JjK*4> T i Jj§C*4fc L 
TBa0DPM^, SrCDPMft^ T i ©D 

D£«fc0 (Ba. Sr) T i 03 KfcT&fc-f *#8c£*5 
^T, BaJ^#4»[fl:*5J:ifS r JgONflEfiKSfTST i 0 

[00 14]*fc, (Ba. Sr) T i C3 R©^J« 

coo is] &&p&<?>mz7--frjBm*fT j ?& 

■pCLttfi^o (Ba. Sr) T i C3 j£|(7)^ 

j££2f£PgCfifV\ f&2&R£T*^/£L£g|£6 1 0-6 
4 0 < C"C7--;U&3iLTl>&V\ ) 
COO 1 6] :©^WHiSil^l$3II«)M^ 
tt, Ba^> Sr^, T i Jg*4i: LTBa^DPM 
ft#** S rflDDPMfb^, Ti©DPMft^l4* 

Wm-^mz.is\^X, SrTi03I^BaTiO3 

m<D&m*&KizmK>m?z z<b<Dx& 

COO 1 7] r©»WC«SSS*«BI©^J«^ 
tt, BaJlC*4> Sr/g*4. T i JfC*4£ LT B a <DD PM 
fb-&4fcu SrtDDPMUtl, T i ©DPMfb^fcfe* 

^^^LtCVDtaO (Ba. Sr) T i C3 R 

i ®*W«teta*T LT&l&Tr 3 3 £ & 

COO 1 8] ZC!>^^t^5JS^m^ll©^J5!c^r& 



tfc^x, fria*«^JR<b^%©^<t < 1 1 
f&mjjftizmtzitzz£*ft&£-r%i><D'e$>z>o 

CO 0 1 9] %tz. ^Ifb^BatDDPM^b 
SrODPMM^ Ti©DPM^Utt 
£>9. T i ©DPM^fb^^^t^S^JSKYb^© 

co 020] zo&wiz&z&mnmmmm&Jim*. 

/^'j^A^fnyf^A (Ba, Sr)TiC3»K«: 
Mt^^tfeotWT© (1) - (3) ©*-ry^ 

(1) BaWtfcJ:i/S r JW4»ES*-j£flK:fet> 
c ^&©JP£ 

e t i mmmm 

(2) mmommmmzfc^x. ±ia en ©a-c 

T ijg*4^ft£#^£!il2©Xx^ 

(3) ^2 0)^f L yyc*«)fcTiS»aEftfc«tr/mi 
<Z> x f * -fXfe&btz B a ©jg^St S r J§C*48fEft-C# 

C0021] zv&wizmzmmnmmmmig&m*. 
cvd\z£K) m&±izmm<Dmi&tf?ftfiiotiz>fcfo'£ 
z<D&j&mizmM#x*m&?zm , ftifxmi& f & 

n feniat s ton*, 

co 02 2] z<D&mz&zmm , mmMwm&&. *m 

mm±iz&i£2ntz±&n.m£*ffiztzi i <Dx&z> 0 
co 02 3] ztz. caaj±o±aj«ffi(3[)-aj*«Ta$t8ffi 

CO 0 2 4] Da«BJi©±fiB«ffi©T«gA s Ta5«ffi 
CO 0 2 5] Ztz, TOTffi^ffSlOOnmfeli-CI 
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[0026] T&w&<omis*vmMiiMm4> 
[0027] it, mm*mmmtfm*mits:^LWtt 

[0 0 2 8] 

[#&W<D|£Jfe<3D^/&] 

mmcommi. BSTi^Ba, Sr, Ti©^- 
^TC^^flD^C^J^H&P^^fcJbtr, Ba, Sri 

^» <d %kftmmm # as c # l x ^ © * s t a?f t-r * * 

Zniktz&OWbfrtzLtzo HlttBa. SrJfcliT 
5Ci:WSo Ba. Sr. TimtSDPM* 

mmmtB a, srmTi ©#M^<b^<z)^^s 

6, Ba. S r SfcliT i mtSDPMM^ft© 
?>^:V>ri:* s ^So olO. Ba. Sr. Tim 

-r^DPM^fb^^^n-encov^Tj^jm^©^ 
fls*Esn»*, is^aft{biRoiRia^©^-tt^±«:iia"e 

[ o o 2 9 ] m 2 ^^mo)mmmmmmm^mcD- 
mm^m^r^mm 6 o a<d®mc vd-bst^ 

ZmfiQ, Ba. SrCTM«Ef^>5t5:i:tl 
fcKfcffTi^a. R u y 

*4«?«©«Efi«:a<b$-a-T!ej|C^|SjC^-*lifiJcCom 1 



©BSTRSMtS. ^©BSTOgffi^t' 
T--^-T5 0 Il©BSTi±i:l2©BSTil:C 
VDi:«fc0MtS o l20BSTl^fM4 3 T 
7--;i/U ^1I:Ru^^a'-> ? 'J >7LZ±ffim 
IMU:, Il^BSTiMIh, SS2C9BS 

TiR«:±ifeKfc^« ®fflm<D®.mtm 2 c^-r «* ? iz 

[OO3O]iW^0Ba. Sr, Ti^Wi 
jllliin^t^-e-mo, &JU9K*:.kJ&jR£: 
ra^2 4 0Atfe§, »83&<B7--;u&m*6 
4 Or, N2 f£H^*> 1 0£l\ JJftR©7--/W*fl= 
\t62SX:. N2 fi^t, 1 Om^o ^ffldOT 

--^Nfefte LT«+^ciSfi<b$-a-sfc«)t:6 3 0ic 
7 - -;M&giii&iST£> 5 ^iaae^ft-r ^4 £ »j - * ^ 

%#<*ltt:-r*fcti>6 1 0 t C-6 4 0t:^LTVN^ o %J 
fflK<Z>&jMfl=ti« Ba. Sr. T i g^^^iU^- 
tt&l £Ir|— (B^fTC**, SlOBa, Sr. T i (7) 
J^tt»aHfeSttfflJ*tt; (Ba + Sr)/Ti=0. 8*3 
e>^0>i!fEfl:"C£>So ^K3DTi©^3r4«f?S«Efi:*2 0% 

«wx»Ba. s r<Dmnmfcmm<D&ft*2 5% 

(Ba + Sr)/Ti = l. 0*3e>l>£T*t 
§o i ©JBS^»?K2i«Ea:*3 3%«?>*r^XttB 

a. S r(Dmftm&mR<O&ft*5 0%m*'&l* (Ba 
+ Sr)/Ti=l. 2*3^V^T*t^o wtDct^C 
Ba. Sr. T i <D&ttmt&m&*1QW1r & Z £tz (B 
a + Sr) /T i ©Bg&fitflfc*fflai;:88!3rc£3. ^ 
l(J!)Ba (DPM) 2 /THF, Sr (DPM)2/T 
HF. TiO (DPM)2/THFIt 7h7tKn7 
^> (THF) trA'J ^Avt^n^;^?^- h [B 
a (DPM) 2]. * h uy**y/*WAu<i >v* 9 + 
-hCSr (DPM) 2]. f^i^^<n>f^^ 
h CTiO (DPM) 2] fe»*LT^6»irefc 

So 

[003 1] 
E*l] 
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e? m m s 

fp- n wn» i» 


Ba(DPM)*/THF (O.lmol/L) 0. 04cmVmin 
SHDPMWTHF (0. lmol/L) 0. 03cm Void 
TiO(DPM) 2 /THF(0. lmol/L) 0.5cmVflun 


m % a & 

^ St EE 


, Carrier N* flow rate 200sccid 
Vaporizer temperature 250 X, 
Vaporizer pressure 20 Torr 


$ ^ » % a 


Ot flow rate 1 slra 


5 rfc $ & £ 

m wl a « 

S ttc tt 


Reactor pressure 1. 5 Torr 
Substrate temperature 420^ 
Ru(2000A)/SiOi(5000AVSi 
X(3Pt(700A)/SiO 2 (5Q00A)/Si 



[0 0 3 2] ±ffi©J:-5H^J5RLfcBSTIR©«^&«j» 
ttfcftlJ&r*. TOTflSP t*Ru±C#rt«*nfcBS 
TIRtt3EC-t©BSTR±cai mm©±<K*fiP t ^ 

£$J^-r3o UiSiSE 2ttSiC2IK, 5 9tit 
54(H >tf-^>;*y + ^+f-, 55te 



^Ji:i:i(:i2i:^t 0 =£2 *ot&0Wma>mmi5 

[0033] 
[^2] 







»W*»Ji(at + l. IV) 


ft * H 1 


0. 56om 


8. IxiQ-'A/cid 2 


mfanm i 


0. 50nm 


2. lxlO- fl A/co 2 




(DM 


mmmm 


g 





[0034] wfc<m 

tiSiSE 2teSi02JH> 3ttTSPRu«ffi, 4*i 
fflfi^tfc (Ba + Sr) /Ti=l. 2-1. 4te^T* 
2»M*»UfcWJ0!BSTJR, 5tt (Ba + Sr) /T 
i=0. 6-0. 8tee>l^6#M*t»Lfc±JdlBST 
§iT'&£ 0 T^^^T^IbL^-rt^KIWJWOBSTR 

^t?)2^f7 ^^^^r^^^^C, Ba. Sv<D 



H 6 ©fMKJ® 2 #Ktt^R^l£l$©JE§WiffiS-e* 0 , 

WIU^JOK^frtt^lfclRlC-CfeO, ftJHRt (B 
a + Sr) /Ti=0. 7-0. 8fce>l*"ClfWLfcfE 

*m t ^m^n^tKDm^n^ntz cvd-bst 

[0035] 
[^3] 





mmm»m t. q 


'W«tJt(at+J.lV) 


£ * 1 


0.56nm 


8. lxiO- 8 A/cm T 




0.52iud 2.5xlO- fl A/cm , 



[0036] H; 
(Ba + Sr)/Ti=0. 9-1. 1 ta^l^T'i^St L 



0. 8fc£^TiggfLfc_hifeBSTj 



/Ti=0. 7- 



^I^fcC^^^C, Ba. S r 0ttMCtt4>#tt- 
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i&m(D7--ji'4kmmnv>mmi tmm-etbz* tag* 
- v x m^^fe c «t a iaj«^ 0 3 2 n <t n « 



^Sli^ll <t0^toC. l!P*>&J55cJt (Ba + Sr) 

fsmakmtmi tmt-c&Zo %mmb (Ba + sr) 

/Ti=0. 7-0. 8te€>l^-CJtSfLfct3£3l5«li:r© 

nmvj&m^ti^izcDm&^m *>ntz cvd-bsti 

[0037] 





MUHMUU* t„ 


f H*»JL(at + l. IV) 


& 5te 0j 2 


0.60iud 


l.7XlQ- 7 A/cm 2 




0.56no 


4.5xiO- B A/co ? 



[0038] mm(DBm4. &9i**ftw<Dmmwm 
nmmmv&z* size 1 o-6 4o , CT*itHiT--^ 

M3t6 2 5X\ N2 1 OmO, 610 

;u^ti640r> N2 fiMt, 1 Oms. Jgfc 

[0 0 3 9] ±!&1&<D7--Jl<U&£n&¥f&<DM&* 

%§l0r^-;u^i£^LT^&^CVD-BST§i^ 
#SJft# *<0ff4a-#r<Z>*kfc«:BI 1 1 C^rf 1 5 0 
■CJ48rcC02 (m/e=44) ^H2 O (m/e = l 
8) LTttffiSnSd^^^S. :©CO 

2i:^T^ 7r-/l,fil^BSTiCilALfc*-# 

6 2 5tifi«®-e*SCi;^^5. R+©«*fb 



[o o 4 o] nffioT&ms. mi 3&*&w<DMmn& 

;^1^3{sli$nfcUM, 10li7--^I^2 

fcHftBRTfeSo SJ»MI©T = -/U*frl46 4 0t:, 
N2 #H^K 1 Ofj\ 2^11, H@g^(7)T--;u 
&m*625t\ N2 #B^K lOWo HON® 
^M^08tr^-ria)i:|s}i:T*$>O. -t^fife^^^ 

25MHL — RBK^Sft-M, =I9:BJK#3#fare2&*. 
7--^1^3[Ell^n^li:i: e tO, 012(7)62 

[004 1] 
[^5] 





nununw u 


»H**Ji(at+l.lV) 


*«L©^« 3 


0. 56DED 






0. 50QJD 


9.5X10- 9 A/cin J 



1 4 

>-»£0iJ£^TP tlffiii: layer 
-by - 1 ay e r jfcBSK «fc O^fig L,fcR0rfl5g|-C£> 
5 0 1 2l*tiM$}mikltL J i>'r^S rT i C3 H, 13 
tttfc«!Kl7^7 7^L^tV>BaT i C3E"Ci& 

So f> 2 5)$ t&t; 4 e> 6 ^1 -e^ S r 

T i 03 2^^f>45jRU r 6^^685r^^BaT 
iO3^T'fe0. wM&S rT i 03 BBS, B a T i 03 



ni^ft»6 2 5t;, N2 &HSa*\ 1 Of>©7-- 

[0043] :©layer-by-layer &M\Z 
£ K> f&RZtltz C V D - B S TE<0m$M&£Hflto^ 
M3£kt%ZLT&6\Z7jk?t)K layer-by-la 



e 



JJSCBaT i 03 £U9S rT i 03 m<Djjtff£ gkltL 

^t^ti^ntfeo, &mnw\zs rT i C3 

&+&Zt.lZ&r>1£&&<!>J:\*1Riime>tl* BaTiO 



[0044] 
W6] 



■ mmmm t.« 


W«tJi(at+l. IV) 


3 


0. 56nm 


4.5xlO-»A/on T 




0.52nm | 6.2x10-^/00* 

1 



[0045] wt&mmi. 



1 6tt*^IW©S5i 
KJ:!5#e>n;fcBSTR© 

a. Sr. T i %^*tSDPM*ffc*ftO*nffti: 

LTl>3 0 £©fc£©fc£IStfb&©gttfflJ*«Ba : S 
r : T i = 1 : 1 : 2T£>£„ 

[0 0 4 6] £©&jAJfctt£4HUCJ:oTttjG£&{b 

■fa, Bn^e»s«©s^5oorc<t-5fcB 

a:Sr :Ti = l : 1 : 3i^i:T i ®flESJt*«Jtftl 

fcTN *§K©l&J**fflrc&3;:*:#5h&»4 0 Ba : 
S r : T i = 1 : 1 : 2fr*lfiJ«Jfc©*K©— 

[0 0 4 7] I^:i^o^K;o^t^ 0 * 
ric© 6 ftm<D o *> 2 #~ 2 # 3 0 3 0 ^H^^HftJp 

m t - * - © tti # £if jd-t a z t r-mwug. * 5 o o t 

[0 0 4 8] HI ecl+^tb^lr^-^xlf 
^^T'fFfffitfc^^^-To S«SSSr4 2 0t:^L 
Tii»LfcSI5»t:oV^TttB»ia«©Ba : Sr :Ti 
= 1 : 1 : 2^B(Jie>il, £*£&g£iS< 
-C©*T i <&#£fcfcj&*B a:Sr :Ti = l : 1 : 3i 



KK:JtaLTv^ifc3&«»**a. hi ecji&naatfb 

£ Q ^ct^iiBa, Sr. Timt^DPM^b 

[0 0 4 9] i^Ci 6 n^: C V D - B S TI©1^ 
&*$mv>&m 3 £ BM L X3k 7 C^tf 'J - * «SfE# 

i&mzixT^zzt&frfrZo stz, ±*m<Dm&.)t£ 

nMMk(DWm*Rl 7t:^t^ (Ba + Sr) /Ti 
WBaC03 ^SrC03 &^tf»tfe5C 

BSTi^e>n50T^59„ 

[0 0 5 0] *%MOT&f&1z\*, *«fiS©^b€:5 0 

ri: Lfc#, Hl®Hffft 1 & i ora±©^fb#$>fti£ 
5o *«^JPMb^*fctT, Ba. SrSfcliT 

±©^r«4fe«{b^"Cfent*, ^©^m^fS-et 

Ba. S r*fcfc*T i &*K*«&JR<b^fc 
C^rSn*&JR7E*©0!li: LTC a. 
a. Nb^^(f-5d4:* ? m^*o 

[005 1] 

«7] 



Pb. B i. T 





■AMftlMUPtM; »M*»Ji(at+l.lv) 




0.56qjd 


4.5x10- 8 A/cid 1 




0. 54 nm 


2. 2 x NT 1 A/an 1 



[0052] mfficnm 



1 4te^{bLfc^C*4£N 
2 *'^ti:i(:^tiyt7-yx;k 15lit- 



u&m%zmm , m*i. 1 8imm&mmT-&2> 0 m\ 8\z 

[0053] 1^1 9tf)Pt (700A)/SiC2 (5 
0 0 OA) /Si tt, /p:$0. emnifDy'Jnyliw 
£®£/P£50 0 0Atf)S i 02 £7WU HC^Oik 
fflt:^700A^)PtIML/:t(Z)-Cfe^ Pt 
0 0°/ot^ o Ru (20 0 OA) /S i C2 

(5 0 0 OA) /S i te/f^O. 6mmCDv'Jn>S« 
<7)£MC/iL£5 0 0 0A<Z)S i 02 £ffi^U 

RuWl 00 0 /ot^^ o S i 02 ( 5 0 0 OA) / 
Si(i, i¥$0. emmCOi/'Jn^^^^M^/f^S 
0 0 0A©SiO2 IMLit^O-C^c RuM 

Ptti$^tt:0°/ot'fe-5 0 TEG (Test 
Element Group) tt, 150. 6mm®y 
•J n 5 0 0 0 AO S i C2 L> 

^©^®c7)3 5%^J?$ 7 OOA^Ptl^Lfct 

C0054] 1 8comm&®mimmzmm*f*<y^^ 

f5£fflLTl^ 0 #J;*Ji\ t-^^^S^5 1 0V\zl5 
V^T. Ru HJMffigli4 8 0t\ Pt^®^f2 4 7 
5t:. Si02 ±«Mi4 3 0th/j:',/co S£o 

c v 3 >s^c7)ji:$ 

[0055] a-d^)A 0 7^-^^Mt?):ti:J;o 
T^x^®^#^b1-3o ryx.;s^um&mt-? 

Z>£ (Ba. Sr) T i 03 ^*©&^3?4)&tf<fcb 
(Ba + Sr) /Titf^fblTSo ^(DM^t. milZ 

®*>s rmitvuwmmmmzmtLtji^tfT i gefb^o 
^^gte*£<^bT*^-c£>£o jmi* s/'juv 

ig^Jg|*a>&fl^<7)jMtb (Ba + Sr) /T i 
fb-f<2>o ^n$rKCi:(i> *=7*-9 a~~d<2^fbCjifi 
KLT^xv\3l®^g#^bLfc^te, ^xyv£®& 
K<7)^bC cfc 3ifM&&tf>£{b£m8t- J: d CJjfC*4*tt 
ttmtZVMS&W T i »b^(7)it^gti^x/N^ 

®^i>j;i/T i ffinffimz£^xmtr?><D-e. -ys 



-5*>t [mmmmtztt*&m7tm®.j$.\k (Ba + sr) 
[0056] mm. mmLtzmmv>&m7tmmt&tt: (b 

a + Sr) /T \ \z-m%-?Z>^*-?\rtk<D&~~e-C 
c ^&CDJ?£ 

e t i mnmrn 

[0 0 5 7] ^Uf^tU, a-e£ 
^{b£i±T?$Ji££i£mU ^©^TC^CDS^Jt (Ba 
+ Sr)/Ti«Lt7-^Itn o 

^^Jt^tiBam^A^ctC/S r^M4%- 

[0058] ^2Xr7^i:LT, HlgSCBSTil^ 
^1-^)^^LT, ^Tg^t-r^^TC^CD^tt (B 
a + Sr) /Ti^tSo K*7&£-r*£« 
KoWT^.*-? a~d£$J5rf £0 ^LT> M^c 

LT^tbtzT i Jj^M£>J:tfSill X^^^T^Js6feB 

Bmt'?z>&m®.f&.it*&^B s rm(Dj&j$.*?fo z. t 

^J^it^BST^^-Ct^o ft^T. 

[0 0 5 9] ®\Z&t-?mfeU&5 1 0t:c*3V>T, 
S i 02 ±C/\°*-x;/^$nfcRuCD<>x/v^®<7)|£ 
I$^')XA»ti:0^$:02Oi:^to 
&± $ v * B if ^ x as « l3tb#ij Ltili^ 

^3mi&m<Dmt*i&thz>z « ^x^ms 
s^^fbtz^s-r^T i »b^i£»;ggtf)»b#0 2 
1 ^e>^p>n^> 0 ^2 1 izvx-^mffiumtT i ^<b 

BagKbtK S r^b^(7)it®^Si:^K^^^-r 
STfe^ 0 ElCDli^giiBST^^^TC^cOia^ 
it (Ba + Sr) /Ti e>n^ 0 Hl^'J 

3>Ito5000A©S i 02 ^mz^m.L. * 
<D±iz20 0 0A©Rui^®i:Mtit^x^ 

ma^^i hf5i--cfe^ 0 H2i^e>, ^x/N^s^g 

* ? ^b L T ^ B a Bfcfcft i: S r ^b^f^ii^g fi f J £ 
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mitmommmm*. BaMii, s r^jw*:^ 

^x^^M^co^b^JlTC^CDiS^it (Ba + 

s r) /Ti iz&&Tmm*ftm?iz<j&^t,s:T i mwm 

ffl-X&Z> 0 mXtt, RuWl00°/o, ^jljs^M 
fW5 2 5t TilWO. 5cc/^l^^ 
^T'g^^*r^>^Jl7C^©^ifc (Ba + Sr) /Ti 

%{is i 02 vws> (DV3L;\x*\zmmu&rf4 8ox: 
iztjiitzt-tzt. t i mwmm*o. scc/ftn* 
%x\$7 i mtfyo)mmm&tffo¥ftiztj;9Mfc\k (b 

a + Sr) /Ti(i^<ffbLTL^^o -^rC"?, T 

i mmmz 1 c c/wzm^wz. t i mmomm 

m&Z-felz&%. toJcit (Ba + Sr) /T i t-^ 
[006 1] feJLb-eii. ^^-^a-dO^tCJ:*) 
^*®M®WbKJ:«IW*rT i JSttJftSfc&fbS-fr 

S^a: (Ba + Sr) /T i C^Mt/^^-f 
tt, BaMitS rMih^T'feSttn 
tf, ±^l/:a-et^5 fl ^ ^ a ~~ d 0)^t\z 

(Ba + Sr) /T i te§^££t:r£ri\ 
^^-^eWT i »«fi^ilti5t- -5^ i:^^ 

it (Ba + Sr) XT i ttfXZ 2>o - 

®mt Lxmrnm^ ^^^m^<Dm\^m^L 
[0062] b sTmo)m$Jifa<D&m7tmcDmf&.tt* 

—feizfc^tztbiz fi, 06^gI8C^-r J;-5ir, T i 
MS^-^&o fc^Ba JM*«a£: S r MWftffl 

JSScit (Ba + Sr) /T i ^Cf^Cfi, EI6-$>H 
8C*5W*T i MMv7 h-rntf&V^o TiM 

ttffi4s©£fbCJ:*ffi«b (Ba + Sr) /T i Ofl^B 

[00633 H2K 1812 2(2, *1 fcmCBaJKtt 
SEfttfO. 04cc/^ Sr^4W0. 03 cc 



ti, SMLfcBaJSWiJMk S r IK*4&ttCfcl*T _bifc 

£:«<DmnMm;lzkkfflTZ>CDX. Bagf4IitSrlg 
*«4CJt#JLT02 1, 022OBa«tSri 

[0 0 6 4] tl±C!)J:oi:, T i Jg*«ffc*£fbS-tl-* 
:ttJ:oT, P t^RuAW-- >>/$nTO:s 

1 02 #BfflLTl>Tfc£®P t^Ru-Cl^:-7X 
A_Lfc !3(£RW|(iDjRfijAiSDB S Tj!£#£ 3 #"C£ 

02 #BfflLTVvrfc£®P t ^RutiW^XA 
_Lh B**Hi|g£©IglH©B S TK*ff « Z £ *^mt L 

[00653 mM<D^m9. m2 3&*§tw<Dmmmm 
mmj&j&Ji&<D-mffi<DMmz7*?mmmxz>& 0 2 6 

ttN2 2 7fiBa (D PM) 2 /TH FS^» 

2 8teSr (DPM)2/THFI^M, 2 9 it 
TiO (DPM) 2 /THFi^SfE 3 0(2THF. 

3 1 ttStfbS, 3 2 ttRlC^, 7 1 fctftfttifEfizi > h n 
-5, 7 2^«l^>hn-7, 7 3ttJPBE#-C* 

[0 0 6 6] 0ttffiH*f±ftfc83 l"C^A->CC»b$ 
+ 'JT;tfxN2 fcfcfcKnaHLT^&fc^ 

127. 28. 2 9%#ALtl><:i:tJ:ota«S 

***a&s * ^ £ * < Scsefcafbs^fc ttte-f * r t & 

*tmxhZ>o mi K^-fBa. Sr. T i j§^*4Ii 
flD«^S*3tl*A*r*THF©fittBa. Sr. Ti^ 
*J8t*4JIMt©#H-01/5iiU:*«aS LV^#^.en, 
0. 2cc/min«:»ALm, N2 fite^ 

^ta^<b»rtt3Dffi^*«g5c3eL-c«ti^^-rr-5i:*«E 
mwmm&mmLXL£o<DX2 oosc cmir^t 
xv^ 0 Ba. sr. t i mmmno>WAm\*&izn&} 

[0067] N2 #*2 6(i> iS*4»?S2 7. 2 8. 2 

siga-rfcafr^ttcflEfrna, Ba (dpm)2/th 

F»«[, Sr (DPM)2/THF^, TiO (DP 
M) 2/THF^, THFm&0)ffi&te. MI^ 
> h o-^7 1 tr^oT^J^Sia^o 023(7>^Sii 

<D&MlZiS\,^Xi** THF3 0li^<T^^V\ 
[0068]ii^il0. H2 4»i^W0!)^m 
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0»5*-9— , 2 1 (il^, 22ttft-/^, 2 3lil 
2 4&02 2 5ti^^- 

£f0-7xy\t,S i 02 £ LT*5< 0 Mi"b>^7 5^ 
02 E^C^ffi^ixTV^^^-C. fg^K^BIL^-f 
V>D PM^t -t y^cDft^K^fig-r £ r £ ft < £5£ 

[0069] t^T'JiAfiDMS^??^^?; 
tz. if0J:?CA^-->^$nPt^Ru^S iC2 

[0070]^l©fill. 1^2 5t±^^^tD^m 

c v DBs-cJtSf t - 0 a T-e t tz±^mm 

(-fe;i^U-h) , 6 4ttWlittfCVDfe-C^J5JESnfc 

-cmmLtzfrT-vi* (Ru) -c-csfcTsismffi 

m (901) "Cti^< 8 0gi:tg&LTV^o 6 7tt#J 

ittfrgrtb^-f * (s i 02 ) ■c-ctfcBraife»lll"C* 

0. 68te*rtlsv i?ft&<D&ntzCVD8kT-mmL1z 
,-tfiJ y'j3>I (Po 1 y S i) "C"CSfc* h U-vy 

[007 1] EJ25 ^MV>&1B<D* * 

y^Mn/:CVDWJy'J3>I (P o 1 y S 

1) IBH«6fSIR3 7(3[>3g®tJtaLfc«BJ» 
feili y f > V^li^Wi«iij£ (CMP 
ffi) -CBtefcLT, ^7^68^r^T^ (a) 0 ^©y* 
??6 8<D±\Z, 7>yN°^^^T*ltaL^ii:$2 0 00A 
tf)Ru}g|6 5£, lOOnmO^'^vI (SiO 

2) i7 15r7 7^i;™c!)i»ii6 7ST, Bftft 



(b) o i->fvm»7^hD>RIE (fltt§& 

ttanLfc£j&fs--f *>x**>^) -efeo, *fi=ttc i 

2 / (02 + C 12 ) =7. 5%. ^ff-^*X4300 s 
ccm, StSIE^30mTor r, r fA^)250 
W, &*§2 OOGauss, x^y^U- 
4 0 0 A/m intfeO, Tifc^Jf fulfil* 3 0 

y/- KOiiI®©4gEtt8 0° ^©^Kti^lt 

1^ i:xy f >mi:t A r ^^gtt^xfl^ 
7*7^7i:a:4xAy ?x* ^fMK £9, * h u-v 
6«:^l«)5 (c) 0 * * x •> ^-©^ 
ffllAKAr 1 0 0 s c cm, ^ltt^5mTo 
rr. 7 , 7X7A^600WflDl^xyf>^U-Hi2 
0 0 A/m i n-CfeO, *LM#HI3 OffrO*!^ * h U 
-vV- K©HS56 60tt#¥&ttBSTlg&/Pi:|H^£ 

200nm©^h U-yy-K3 5©i®i:M, CV 
D?£C«£9/P£30nm(7>BSTil64T1f^ (d) . 

$rit^LT-fe;U^U- h 3 3^/St5 (e) 0 BST 

[0 0 7 2] rs^-f 5g"CT^feir^l6 7i:ii 

■CillSl^IBST64i:-b^7 , u-hRu63$:i 
SBiritSTf t;i/7*i/-b63S:^H/->?y- 
K©fllffiTSSa*fc0«<Sfeiitf3fc^nTIB»335i:* o 3© 

h63tXhU-^/- K6 S^PBltC^E&^Jta-rS 

* h U-i?y-K(35MSi56 6C!>ffi^tl^5 0nm 
i:BSTKi¥30nme«^tV^fcC«fcO. EI27 
fc^3i*7G*JHSi&S'5 a. U-ysVW^tJ:^ 

itzZ£\Z£Z> 0 @28©S-Nli^hU-^/'-K0 
B&-C&3 0 $6C, ■b^7 , U-K0Tijg69OtM c i : ' 

-fe/l^U— h 6 3£:* h U— K6 5 
*SJ:Ofl!<ffi«)atr^i:K:J:0, -t^u- hTSSfcfc 
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[0073] mm&mmoimmt e o m<om®<Dmm* 

mit&Zo Z<DZt, SfS^ffi^K ArfcHFOiS^ 
6 7 (3!)8l©flJ®©^E*l|lJtW "TIB-C* 0 , Z (Bti^fcU 

[0 0 7 4] mrnnmmi 2. 02 9ii^©^i 

y- K<7>fllffiTSS7 OCfcltsmi^fe+fcM^fc^BS 

izm : ft2nztz!sbv--?%m<Dm±*win-cz2>o bs 
ti6 4 itnmvmm 1 - 9 t j; k> & e> 

4j n m v> a* a* it n £ © « v ^ * "c & v > 0 

[an -^©Ba, sr. t i wnuM*w& Lm 

mUm*mt2 J &T&&LtzBSTm<DBa. Sr. T 
[0 2] ZOftWcD-nffiommiz £9Ml&2tltzB 

[0 4] B S TJR©«»»«tt*«D5e-r ^IsISScDmBS 
[0 5] 3 <D&W<D—nffiO)Mm\z J: "9 Wf&Ztitz B 
[0 6] r (Z)» W cz>— JteO?^Bi-C« V >/i JBS#4lffi Jt «: 

[07] 3 (D^m<D-%m<D^m^z zoj&mzntzB 
[0 8] ^ <D&w<D&-ofr<?>m&<Di&i&'vm ^tzmn 

[0 9] Cfl!)ftW<3!)— H«C0^ll8CJ:0^J«$nfcB 
STK©Wf®«*H-e**o 

[010] C(7)«W©-|IJfi<O^fi|C<fc0^j«LfcB 

So 

[011] C©*W<0— H«5©^ffiKlJ:«9^J«LfcB 

[01 2] 0U6©^JK^«J:O^J5RtfcB 
STJ£©7--;UMfcC02 



[01 3] ro»W©-H«g0>^J»tJ:0^LfcB 

[01 4] HJfifl!)^J»C«J:0^JSctfcB 
TKi:STK<3!)Wr®«^:B|-C*4o 

[015] 01 4<Dm<Dj&mzm^izm&ffiMitt'? 
[01 6] z<D&m<D—2m<Dj&m-eM&2titiBS 

[01 7] d©^©— 3iag(3!)^)l8©±*lfelR©S« 
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